Background. Hypertension, diabetes, increasing age, and smoking are known risk factors for proteinuria. Prevalence of proteinuria is high in South Asians. However, ethnic subgroup differences and determinants of proteinuria within the South Asian population have not been explored.
Proteinuria, a marker of renal damage, is also an independent risk factor for cardiovascular disease (CVD), CVD-related mortality, as well as all-cause mortality [1] [2] [3] [4] . Hypertension, diabetes, smoking, obesity, and increasing age are known determinants of proteinuria [5, 6] . Recent epidemiologic evidence suggests that proteinuria is more frequent in migrant South Asian populations (from India, Pakistan, and Bangladesh) living in Europe and the United Kingdom [7, 8] compared to their white counterparts. This difference is not explained entirely by variations in the clinical risk factors of proteinuria, such as diabetes and hypertension [8, 9] . Ethnic group differences in proteinuria have also been reported among other populations [10] [11] [12] . In the Third National Health and Nutritional Examination (NHANES III), Mexican Americans and non-Hispanic blacks in the United States were found to have a higher prevalence of microalbuminuria compared to the non-Hispanic white population [13, 14] , and these differences seem to be unexplained by differences in both comorbidity and access to health care [15] . In the ethnically diverse population of Singapore, migrants from Malaysia were reported to be more predisposed to proteinuria compared to the native Chinese population [16] . However, within ethnic groups, differences in proteinuria among South Asians have not been explored.
The population of Pakistan includes five major ethnic subgroups originating from various parts of Central and South Asia: the Muhajirs, the Punjabis, the Sindhis, the Baluchis, and the Pashtuns. As reported previously [17] , these groups have distinct differences in language, place of origin, cultural practices and values, dietary habits, health beliefs, and behaviors [18] . Furthermore, almost two thirds of marriages in Pakistan are consanguineous [19] , resulting in relative homogeneity within ethnic groups.
Previously, we reported within ethnic subgroup differences in hypertension, diabetes, and central obesity among the South Asian population of Pakistan [17] . However, ethnic subgroup differences in susceptibility to proteinuria and the reasons for such differences have not been studied within the Pakistani population.
We analyzed the National Health Survey of Pakistan (NHSP) (1990 to 1994) data [20] to determine whether there were ethnic variations in the prevalence of proteinuria in Pakistan, and, if present, to explore reasons for ethnic differences.
METHODS
This analysis is based on cross-sectional data collected over 4 years (1990 to 1994) by the Pakistan Medical Research Council (PMRC), under the technical guidance and support of the United States National Center for Health Statistics (NCHS) [20] . The overall design of the survey was a modification of the NHANES III conducted by the NCHS, tailored to the needs of Pakistan. The details of sampling, design, components, survey instrument, and quality control have been previously reported [20, 21] . Briefly, the survey was conducted on a nationally representative sample of 18,135 individuals aged 6 months to 110 years from 2400 urban and rural households after obtaining informed consent. A two-stage stratified design was used. The urban and rural areas of each of the four provinces of Pakistan were taken as strata. There were 80 urban or rural primary sampling units. A total of 30 households were drawn into the sample from each unit, and all residents of the household were included in the study. The overall individual response rate was 92.6%.
Data on demographic, lifestyle, socioeconomic, and health-related variables were collected using a questionnaire validated in local languages. Physicians at mobile examination centers performed a standardized physical examination. Trained technicians performed anthropometric examinations. Weight, height, and waist and hip circumferences were recorded for each individual. Waist circumference was measured at the diameter at the highest point of the iliac crest, and the hip circumference was measured at the greatest diameter over the buttocks. Nonfasting blood chemistries, including blood glucose, were studied using the Reflotron (Mannheim, Germany), a multiphasic biochemical analyzer [22] . Midstream, random urine samples were obtained and tested by dipstick analysis (Multistix SG   10 ; Bayer Diagnostics, Leverkusen, Germany) (reagent, tetrabromophenol blue). Quality control for the survey included a visit to the field by expert consultants, duplicate examination by field supervisors, calibration protocols, and retraining exercises [21] . The total number of individuals aged 15 years or older was 9442.
Variable definitions
The following definitions were adopted. Proteinuria was defined as a urine protein concentration of greater or equal to 0.30 g/L as measured by a reagent strip (dipstick of 1ϩ or greater on random urine sample), which is considered abnormal [23] .
Ethnicity was reported as "mother-tongue," which is specific for each of the five major ethnic subgroups of Pakistan: the Muhajir, the Punjabi, the Sindhi, the Pashtun, and the Baluchi. People from other ethnic groups were not considered in this analysis (N ϭ 1114). Diabetes was defined as random blood glucose equal to or greater than 140 mg/dL, or those with a known history of diabetes. Central obesity was defined as waist circumference measured at the diameter at the highest point of the iliac crest. Hypertension was defined as systolic blood pressure Ն140 mm Hg, or diastolic blood pressure Ն90 mm Hg, based on the mean of two readings, or current therapy with antihypertensive medications. Three levels of socioeconomic status were defined simply through a count of the number of items owned. This measure has been validated previously [24] . Literacy was simply defined as whether an individual could read. Two components of saturated fat intake were defined: (1) intake of ghee (clarified butter)/butter, depending upon whether these were consumed daily or not, and (2) meat (animal fat) intake, depending upon whether the meat was consumed at least every other day or not. Fruit and calcium consumption was defined according to whether fruit or products containing milk, respectively, were consumed daily or not. Eggs were classified as cholesterol-containing food. Tobacco use (cigarettes, beddies, huqqa, chillum, and tobacco chewing) was similarly dichotomized as current users or not.
Statistical analysis
SAS version 8.0 (SAS Institute, Inc., Cary, NC, USA) was used for all analyses. The mean values for continuous variables and percentages for categorical variables were reported after being standardized for age using the Sindhi population as the reference. The values were compared using analysis of variance for testing of significance for the former and the chi-squared tests for the latter. Multivariable models were built for the primary outcome of proteinuria. The candidate predictor list included age, body weight, height, body mass index, central obesity, socioeconomic status, literacy status, tobacco use, consumption of food rich in saturated fats (meat and ghee), potassium, calcium, and cholesterol, presence of hypertension, and diabetes. The final model included either known clinically important variables, or those that were associated with the outcomes at P Ͻ 0.2 in the univariate analysis. Logistic regression analysis was performed for the primary outcome [25] . Model fittings were tested in the final models. The Hosmer and Lemeshow test was performed for goodness of fit in the logistic regression model [25] . Tests for interactions between ethnicity and other variables in the final model (age, body weight, hypertension, meat intake, and diabetes) were performed. All P values were based on two-sided tests and significance was set at a P value less than 0.05 for main effects and P less than 0.1 for interactions.
RESULTS
A total of 9442 subjects were aged 15 years or older. Of these, 8328 individuals belonged to one of the five major ethnic subgroups. Data on urine protein was missing in 1036 individuals (12.4%). Thus, our final sample size was 7292 subjects. We observed significant ethnic differences in age-standardized prevalence of proteinuria in these individuals (P ϭ 0.002), with some groups having about twice the prevalence of others. The highest was among the Sindhi (men 9.5%, women 10.3%), then the Muhajir (men 8.2%, women 4.7%), and the Punjabi (men 3.2%, women 3.5%), and lowest was among the Baluchi (men 2.4%, women 4.2%) and the Pashtuns (men 2.7%, women 1.2%) ( Table 1) . While diabetes prevalence appeared to reflect the ethnic distribution of proteinuria, the prevalence of hypertension did not. It was lower in the Sindhis and the Punjabis compared to the Pashtuns and the Baluchis.
The unadjusted odds ratios (95% CI) for factors associated with proteinuria are shown in Table 2 . In the univariate analysis, the Sindhis, the Muhajirs, and the Punjabis each had a significantly higher prevalence of proteinuria as compared to the Pashtuns (P Ͻ 0.001). Strong associations for proteinuria with age, urban dwelling, higher socioeconomic status, illiteracy, chewing tobacco, waist circumference, waist-hip ratio, daily consumption of cholesterol and calcium-containing foods, hypertension, and diabetes were also observed.
Stronger ethnic differences in odds for proteinuria became apparent in the multivariate analysis. When odds for protienuria were calculated, including age, weight, meat consumption, diabetes, and hypertension, the risk of proteinuria in the Sindhis compared to the Pashtuns actually increased from 5.61 to 6.42 (95% CI, 3.97 to 10.38) ( Table 2 ).
The goodness of fit test demonstrated good fit (P ϭ 0.33). No significant interactions were detected between ethnicity and age, body weight, hypertension, diabetes, and high meat consumption with proteinuria.
Comparison of characteristics between individuals with (N ϭ 7292) and without measurements of urine protein (N ϭ 1036) did not reveal significant differences in the prevalence of hypertension and diabetes, mean body mass indices. However, there were significant differences in age (35.9 vs. 39.0 years, P Ͻ 0.001) and consumption of meat (34% vs. 21%, P Ͻ 0.001) between the responders vs. nonresponders, respectively).
DISCUSSION
This is the first report on ethnic subgroup differences in the prevalence of proteinuria and its determinants in a nationally representative Pakistani population based on a sound epidemiologic survey. The age-standardized prevalence of proteinuria varied strikingly from 2.4% to 9.5% in men and 1.2% to 10.3% in women among the various ethnic groups (P Ͻ 0.001). Ethnic variations in hypertension and diabetes, and other factors associated with proteinuria, did not always follow patterns of ethnic differences in proteinuria itself and could not account for the striking ethnic differences in proteinuria.
Proteinuria is both a manifestation of kidney disease and a marker of more severe kidney disease. Therefore, a higher prevalence of proteinuria may reflect both an increase prevalence of kidney disease as well as an increase in severity of kidney disease [2] . Thus, the association of some ethnicities with higher prevalence could reflect an association either with causes of kidney disease or with risk factors for kidney disease progression.
As described before [17] , the ethnic profile of the Pakistani population is as follows: the Punjabis of Pakistan are a mix of the Aryans who invaded the region that now constitutes the province of Punjab over 4000 years ago and the Semitic Arabs who arrived about a 1000 years ago [26] . The Sindhis, on the other hand, have been present in the Indus Valley (now in the province of Sind) for over 5000 years. The Pashtuns share a social and cultural identity with the Pashtun tribe of Afghanistan, dating back more than 6000 years [18] . The Baluchis are closely related to the Kurds, and both groups migrated from Syria over 2000 years ago. The Kurds moved to Iraq and Turkey, and the Baluchis to the area that now constitutes the province of Baluchistan [18] . "Muhajir" is a catchall term for Muslim refugees who migrated after 1947 from various parts of undivided India to the areas that constitute Pakistan. Thus, all five ethnic groups in Pakistan represent relatively discrete populations with distinct historic and geographic backgrounds. In addition, the 1995 Pakistan Demographic and Health Survey showed that two thirds of all marriages in Pakistan were consanguineous [19] . This inbreeding has also limited the intermingling of cultures and has contributed to the relatively well-preserved sociocultural and familial identity of each ethnic subgroup.
We also found significant relationships between other factors and proteinuria, which could partially explain the ethnic variation in prevalence of proteinuria. Animal studies suggest an association between proteinuria and diets rich in beef, which is speculated to be mediated by increased glomerular thromboxane production [27] . In Adjusted odds ratios for proteinuria are based on the multivariable model. This analysis was restricted to individuals aged 15 and older belonging to one of the five major ethnic groups and had measurement of urine protein. Data on other variables were missing on six individuals. Thus, the final sample size for the multivariable model was 7286. Factors that were included in the final model were age, ethnicity, meat intake, hypertension, and diabetes. Although, body mass index was not significantly associated with the hypertension, it was retained in the final model. d NS, these factors were not significantly associated with hypertension in the multivariable model, and, therefore, were not included in the final model ᭣ a Ethnicity was reported as "mother-tongue," which is specific for each of the five major ethnic subgroups of Pakistan: the Muhajir, the Punjabi, the Sindhi, the Pashtun, and the Baluchi b The total number includes individuals belonging to other minor ethnicities that are not shown in the table separately c Socioeconomic status is the three levels of economic status defined through a simple count of the number of items owned d High intake of meat is defined as meat (animal fat) intake depending upon whether it was consumed at least every other day or not e High intake of ghee/butter is defined as intake of ghee (clarified butter)/butter depending upon whether these were consumed daily or not, and f High intake of cholesterol-containing food is daily intake of eggs g High intake of fruits is defined according to whether fruit were consumed daily or not h High intake of calcium-containing food is defined as daily intake of products containing milk i Literacy is defined as ability to read j Values of waist-hip ratio, waist circumference, obesity, hypertension, diabetes, mean blood glucose, and known diabetes status have been standardized for age using the Sindhi subgroup as reference population k Hypertension is defined as systolic blood pressure equal to or greater than 140 mm Hg, or diastolic blood pressure equal to or less than 90 mm Hg based on the mean of two readings or taking antihypertensive medications l Diabetes is defined as random blood glucose equal to or greater than 7.8 mmol/L or known history of diabetes. Blood glucose measurements were not obtained in 341 individuals. Therefore, diabetes status is determined in a total of 9101 individuals. m Proteinuria is defined as 1ϩ or greater on dipstick of random urine sample addition, high protein diets can potentially exacerbate proteinuria in patients with kidney disease [28] . Our results indicate an independent relationship between high meat intake and proteinuria. Whether this relationship is due to the high saturated fat content in animal meat, or a high level of protein, or a combination of the two remains to be determined.
Increasing age has been associated with higher risk of proteinuria [16, 29] . We observed a similar relationship. We did not find any interaction between age and ethnicity. This suggests that the effect of increasing age on proteinuria does not vary among the ethnic subgroups in Pakistan.
Diabetic nephropathy is a common cause of renal failure in the developed as well as the developing countries [30, 31] . Hypertension does not simply result in nephrosclerosis, it also worsens renal insufficiency and proteinuria in patients with other causes of renal disease [32] . As expected, we found an independent association between hypertension and diabetes with proteinuria.
It is interesting to note that while hypertension is a major determinant of proteinuria, the ethnic predisposition to the two disorders does not necessarily run in parallel. As noted above, the Pashtuns were more likely to have hypertension, but had lower rates of proteinuria than the Sindhis and the Punjabis. This suggests that ethnic predisposition to hypertension does not always translate into susceptibility for proteinuria. These findings are consistent with the ethnic variation in types of end-organ damage as shown in other ethnic populations [33] .
Previous studies have shown that the relationship between body morphology and proteinuria varies according to ethnicity [34] . Some studies have suggested a progressive increase in microalbuminuria or proteinuria with obesity, while the Chinese have been reported to have a J-shaped relationship between body mass index and proteinuria [i.e., the risk rises at very low (Յ18) and high (Ͼ25) body mass index] [16] . In Malays, only very high body mass indices (Ͼ30) are reported to be associated with proteinuria. Although in this study increasing body weight was associated with proteinuria in the univariate analysis, this relationship was not significant in the multivariate models. We also tested other models using body mass index as categorical and spline terms. However, an independent relationship between body mass index and proteinuria was not detected. Thus, it is quite possible that in South Asians the typical range of body mass indices do not contribute to proteinuria significantly.
Our analyses have limitations. First, urine dipstick is a semiquantitative estimation of the degree of proteinuria. Substantial error in the measurement of proteinuria could give rise to spurious association. However, since the error is random, the estimates of proteinuria are not biased by ethnicity [35] . Further, the accuracy of dipstick-positive proteinuria for detecting proteinuria is high [36] , and this test is considered an acceptable substitute for determining presence of proteinuria in large epidemiologic studies, including the Multiple Risk Factor Intervention Trial (MRFIT) study [3] . Second, there is a possibility of differences in daily urine volume among geographic regions, based on climate. For instance, population residing in warmer climate would tend to have lower urine volume, and, therefore, higher protein concentration, thus biasing the results. However, the striking difference between the Sindhi (10.2%) and the Muhajir (4.7%) women, both of whom reside in the warm region of Southern Pakistan, indicate that the observed differences are unlikely to be due to geographic reasons only. Third, it might be uncertain that a single dipstick urine test could reflect organ damage and thus be a reliable prognostic test for the progression of renal disease. Further, proteinuria in this survey was not related to urinary creatinine excretion. However, Davidson and Smiley [37] reported that a 1ϩ or higher dipstick-positive proteinuria was highly predictive of abnormal urinary albumin/creatinine ratios. Fourth, the Muhajirs are a less ethnically homogenous group since the grouping is based on migration from various parts of undivided India. Nevertheless, they are distinct from other four major ethnic groups in Pakistan in terms of dietary and sociocultural influences. Fifth, our definition of diabetes diverges from the standard criteria of fasting glucose greater than 126 mg/dL [38] . It is possible that the ethnic variation in the observed susceptibility of proteinuria is simply due to variation in susceptibility of diabetes, which we could not capture due to misclassification of diabetes. However, the blood sample obtained during the NHSP was at least 1 hour after the individual arrived at the examination center. Since blood glucose normalizes rapidly after meals in normal individuals, the cutoff of 140 mg/dL for blood glucose would be a good surrogate marker of diabetes [39] . Therefore, our results are not likely to be affected significantly by the definition that was used to classify diabetes in this analysis. In addition, calculated odds ratios of between ethnic group variations in proteinuria were large, in some cases a fivefold difference in risk was detected. It is therefore unlikely that residual confounding, due to an imprecise measure of a risk factor, could wholly account for the persistent ethnic differences in proteinuria risk. Sixth, our definition of hypertension was based on the mean of two blood pressure readings from the same day, while the clinical diagnosis of sustained hypertension requires elevated levels of blood pressure on more than two separate occasions. However, multiple readings from the same day are considered appropriate for diagnosis of hypertension in population-based studies [40] . Seventh, it is not possible to establish causality of association from cross-sectional studies. Thus, the association between hypertension and proteinuria may be confounded by other unmeasured variables or reflect reverse causation. However, our finding that ethnic predisposition to hypertension does not always translate into susceptibility for proteinuria cannot be explained by reverse causation. Eighth, data were missing in 12.4% of the population. However, we adjusted for factors that were different (age and meat consumption) between the subjects on whom the data was missing. Thus, we believe our findings are generalizable.
CONCLUSION
Increasing age, high consumption of meat, hypertension, and diabetes is associated with proteinuria in a multiethnic South Asian population. In addition, strong ethnic differences exist in the odds for proteinuria, which are not entirely accounted for by ethnic differences in the factors associated with proteinuria (largely hypertension and diabetes). This is the first population-based report on the prevalence of proteinuria in Pakistan and the first study to report within ethnic group differences in predisposition to proteinuria in South Asian population. Further studies are needed to determine whether, among South Asians, these ethnic variations in proteinuria are due to differences in birth weight [41] or are mediated by other factors [42] . Due to lack of a registry in South Asian countries for end-stage renal disease, we cannot determine whether these ethnic differences in proteinuria also translate into variations in susceptibility to end stage renal disease. These findings further underscore the need for registries for end-stage renal disease in multiethnic countries like Pakistan. We believe our novel findings could serve as the cornerstone for further studies exploring more detailed environmental factors in combination with genetic factors related to proteinuria and renal disease in the vulnerable population of Pakistan and other South Asian populations.
